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(54) LIGHT PULSE POSITION DETECTOR CIRCUIT, LIGHT PULSE GENERATOR AND THEIR 
METHODS 

(57)Abstract 

PROBLEM TO BE SOLVED: To output a light pulse 
having a short width. 

SOLUTION: This circuit is provided with a light source 
26 which outputs an optical signal, an oscillator 5 that 
outputs an electric clock signal, a 1st optical modulator 
3a which performs intensity modulation of the optical 
signal with an electric clock signal, a phase shifter 4 that 
shifts the phase of an electric clock signal, a 2nd optical 
modulator 3b which performs intensity modulation of an 
optical signal from the 1 st optical modulator with the 
electric clock signal that undergoes phase shifting, an 
optical demultiplexer 2 which branches an output of the 
modulator 3b, a photodetector 8 which converts a 
demultiplexed optical signal into an electric signal, a 

dither signal generator circuit 1 1 that outputs a dither i _ <^ 

signal, a phase comparator 12 that performs *" " " T " 

synchronous detection of an output of the 
photodetector and the dither signal, and a phase shifter 
control circuit 9 which controls a phase shift amount of 

the phase shifter. The phase shifter control circuit receives a dither signal and an output of the 
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2EH§§£^L fcrtSr i"S lt*^5 ft v It* 

i 5 ] mm* <D^tmm^t , 
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i mxmi 6 ] mzm2 (ox&mmt . 

SiHEIBIfflHllgi *mfcty V TMzmsL. SWSSl 

«o 

SrA^-r^^^^^JA^xmi: , 

mjie^^si*^ titcwm.&)? A73L 

$ tu5 JiJSrATJL Tli^^ oy? ffi-f-lcS-^ 

t, 

MiE3t^aixgwai*^A7jL . 3fc^mxgroai7D^ 

»i-5fi*B^WXSt , 

I if 8 ] BtilE{i*i$iJ»XS«. 

wm*mttiTm<omtik ifft^^xs*^ m 

7*>f -tft-8*S±XSa>g> U173$ ttS T'-f {jfcfBJfc 
|5EX^^ W73$ ix5 ^Mm^-t Sr A73L TSS£ *, 

[ If*35l 9 ] 0f^&S<D3tfS-§-?rtli^l-rsXigi: % 

mi v>KgmT.W)*b mjjztixx.m^&mM.tfi)? n 

^ «^T'3^^L Tffi73i-5 M2 (OftgmiMk . 
(D7t^XS{rA77$ ix5 jtft#i: ^2 ©3t^X 
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lWEflMaEEX«©ffitB*S»Sr«!l» 

2)£ tuS tFB-g* £ A^JL T mffl&feV xmWS^r 
SrtiJ^i-SfiCtiJttfaiSt . JO 

TV ifflr*38flKns*»fe jta ?a -ww: matt 
xst £ =r*-5 :it -t-a 9 IB«c 

«h9t?3MH»il xatfrrs sg2 «>3fe£HS& . 

a>e> tans h& %m^t <o\ *-rau&»— a* a*u t. * 

I If #JS2 2 ] MEIHMBllKtt. 
«HE3t«ta»»6 tiitlZ *vS «*MHW»fe * n y * (1* 
H£ieKK: . 

rnis^ a s/ 9 w^iawcw^ nfc^ o ^ ^ fli-^fc mm 
m^mx-tt emffi «rffl*.fcw t $r#mt -r* it 

#J(2 1 fES^^Vi^ m*]§iW* 40 

1 m*m2 3 ] 

2 2 Bdo^^as^aat 
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fcr t ^4#mt -T5 1***2 1 X»4UI#S2 2 fEttro^t 

[ fi**2 5 ] l»E3^<^3B**(»4s 5E(c, jgi 
i ^2 (D%3Em&r>^-rtVt>*K.*J3Z fVb WX#& a y 
* m-^-i L T A^L . =f-5 ft-g-Sr A* 

LWny; tt/-^ {t-9*KNffi'§& 

Ltll t^2 O^PS^VN-f^^ctH^-rs^iim 

I fi#*2 7 ] Ff^jssro3tft-§-sr ta^-rs xst % 

SlBl ©3t^HX^i:, 

3tft-^>fiSBSr^3S-r2)«:*B^HXSi: . 

tlS «mW^ n y 9 igftb % A*L T®^«-§-i: « 
^SXgtD{itiSMft5rSiJ«i--5 SiJWXSi: $rmfcr 
[ ft**2 8 ] ffiEM«PXS»« 
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i 0003] mm\ . '<**®m&tkm-rz>m&t u 

04 3 is, 1 9 9 6 ^m-^Ht wam^tt^^B -i 

1 1 8 r ft&m&^vm&m^*: w&t i.tz?mmg-m. 

E14 3 K&VvC. 1 tt^V^JflJA^J^F. 2 Ii3fc#2£ 
* , 5 M«g§k 6a, 6b (i3t«-^<O^Sr^ffl-r-5 

«t o r 2 SifSic:5J-g[$ tus . 3t^S©Mi ©tttfjtt, 

jffl ©»/<!7-v»-*6 a KA^SJx. 3fc#&g«>£2 
©Htfjtt:, 3t^lSS3 »CA*^4t^>. X«885£>g>(ttf) 

tt, |g2 <Ds*7—t -^6b teA#3*t3. SiS^m 
SP7 311 <T>%/<V—^ -?6a, ^2 0V*!7— > 

-9 6 b ©aia*tfcttsjit-*-5£ t -e, aaawBraM* 

5 ©SiS^tfctiii-'S. A^)Ufc3t^</^?iJ03fe 
SfcSa^fcLTt , Si ©SUf^ — > -*6 a , fg2 <r> 40 

'</u:*©aHMBI2. »TfcKWi-*ii9 3t^HS£:S»> 
**«©<£«( ttffi) fcfcoT»S 3HU>&^ 

-era* 3 ie. {saa->7^4 sr^Kitwit) tas-rs. -5 

[ 0 0 0 4 ] 04 3 <Olbf^Sr04 4 ^ffit/>rtft^-r5 0 50 
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<D/<frxGLW:$:)&3:t&\£mLtzt>(DX'hZ> 0 H4 4 © 

( b ) mnki&ama (om&mvm&zvUrXte 

4 4 ©( c ) ti\ ^FFfli:^</^©Sil^©l8#Sr*LT 

i44W(a) Kl&^-C, 3 0©3t^^^^iJ©{4 
Wfi^ft^fu^v^- 1 , ^^w^2 , '<;is*3 (Dti<Oy< 
/UZ.<DigB&mi* M4 4 ©( c ) ©Sii^l » 

[ 0005] sessffii -m, v^v^tflrg^mspsr^^i'^. 

WTro^Jg^*)?). H14 4 d»e,KP>*^j:J;5 2 

asfflii, 1440(b) iz&vzfmrizmbtvZo ip 

Z> tz * tc. (Stte->7 h S©«(i'fb^*sSltT-fe5) t v > 

5 P B ^^feoit 0 i44©(c) IC^il^ip 

tzMzttmmtm&mmtjzmtts:*. s</\sx®m<oie 

[ 0 0 0 6 ] S£3fe«Sj2 . ^*{£il£r1$aj-r-5fl&©BEfif 
^SB^ItfftiJS©^^ -1 8 2 8 ^r#lc§|^tL 
TV^. 04 5 li, 4tl8¥2 -1 8 2 8 ^m\Z^tl 

zm ia?:*#B:Lfct©T*fcs. 134 5 1 

«^>Vv^?iJA^7^, 3 3 »;i#-£&3^ 4 3 »±3fe"Vu 

8 fiJttftta*. 3 4 l*3ta3ffiSS<J»lHli^, 4 4 liTfe!' n 
y 2 4 li3fe3l@S, 1 0 Hffiffl->7 

h »ffl^)»?-efo5. ^A-^yiJA^sm frbxtsz 

Ktz%m^\±, ^3t#«l3t^l®§g4 3 £gT3t&tHi§8 
I-A^tt5„ ^ttJS8 05iiS^«^A^iLT, 3t 
i> o y ^ 3§£[5]SS4 4 n -y * tH^3 

i"-5„ 3^05^/^* ft, 3t313^2 4 Ciotli 
^ixfcm, 3tS-&3§3 3 l-i-oT^t^«J3t^S54 3 
(CA^^VS. ±lt¥tf}yt&mm 3 li, A^$tl^3t 
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h sa^s^i o -rsr t uot, a*l 

[ 0 0 0 7 ] fif*etl2 -CfS, jE«fc'*/i<Xffi«£&tti-C 
# £ *\ flO***^ o y ^ ?S£[e]3S4 4 «riE5«4: 

3t^*:y^'^**£iggS4 4 Srffllttl/^ 

r b «ff*U< 4V\ *fc, ^#f$3t^P§Si4 3 14, 

Wo 

[ 0 0 0 8 ] S£5fe^J3 . Jfcfc:, 3tTDMK^(C*5tt5® 

•C. Mst/isX b f4^/U* «3&s*Sl ^ft/<;\s* % W&-tZ> 0 

(4, tei£S13 5 *#< ^5tC^oT^^3t^V^O^ 

JBl\fc2 0 Gb /s jRtoea^V^^A-t?^ 2 0—10 
ps (pi cosecond) &T<D'*/l'*$£&>j&^b 
SjxtV^*, 100Gb/s ^e^'>^^T*fi. 
4 —2 p s ^T^^A^ffiaSiKSK: S ti^>o '^vo*38£ 
(D-^£i:LTfl ^/u^ffl^-h S:*tS*«» 

2. 2^j Ai»a^^i:^titt^„ 

^^^ica^i^ tvz> <om$t m&&k tix v ^ 

[ 0009 ] ±&(D£o *ffiffift*OBBlHt»»-r6ft 

v^> 0 H4 6 1996 ^m^-if#iim^^^ 
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B -1 1 2 1 r at/^^^J^— ^ SW«F(03t^^ — r 
RKfi[ftttffl*i6»cBBi-S — %«j tifc?' o y 

^SKrStjaLfct^-e&So H4 6 M*>l^T. 2 6(4 
3 a I4gll <D3tm$^. 2 9 f43t*f«», 3 b (4 
^2 <D#X»S, 2 8a, 28b I4RF ( Ra d i o 
Frequency) JfCggS. 4 tifitfivO^ x 5 1436 
S8i. 3 2 (42 : 1 £>^S{tlH]S&, 3 1 (4^y^^ — 
y>?x^-^ s 2 te3fc»»», 3 0 (4«W*ai^iB 
6 I43t^>"57 -^-rfo-5 0 

70 [ooio] »f«-ot^ittW-r*. i 

^-V^^l^-^3 1 ftfe*l4ffiffiv'7^4 I^A 

oy^ft^4. RFif(lg§f2 8a »C± oTi#*I$ tt, 3t 
^liS3 a (CA^itSo 7fe^^3 a f4. *«2 6 
6 «*6> *tfc*»«*R F J&KS2 8 a tcJ: otftl^ 

*4. *^</i^* s ffl**ix5. ytm^m a **feia*s*t 

3 1 ^>trJ^Jf4. ^fi{t®3S3 2iaoTRZ(Retu 
rn to Zero) &^=r(k£ ttft^ RF ti*&§^2 
8 b fCioTitifS^ixSo WZ2 <DjtmM$%3 b (C(4. R 

f mm$*2 8 b <t>3 ^^ggs ^-e> ta^s o ^ ^ « 
-§-^r mm^ fcR z m^5«^ ^ 0 ^2 ^3t^n^3 

b T*(4. 7fc±t<H§£2 9 £fi*$ ttfc^^Vu^ £:R F it 
iHS2 8bJ:«9 ttfcRZ ft-^-l-ctoX^-r^o 

r<^^#. 3t^P§§3b tCA***L5^^i:RZflr 
^ttra«JL TV ^5 4K*iS j>5 o 
30 [0011] 3t^PS3 b (DttiJlCD—mL 3t4MK*2 
o T^lft^ tU 3fe^^!7 — > — ^ 6 ICAA$ tL5 . B 

4 7 Srfflv^-c«f^l!BlSrRW-rs. H470(b) (4, 

i3^£^Lfct<7rC$>5o H4 7 CD( b ) {d^oV^T. * 
^ISS3 b iCA^S tt5 3t/^^ tRZ fi^5^L X 
V ><5 i: # £>ffiffl h S^-m@^>^ h S2 -Cfc 9 . fifcffi 
h *ft«/J^ -T^S # ( Ml) tt, tt 

m/7h »s*#V^5tS( te*9'>^h S3 ) 

40 (DititiffSmii-WLKb J: 5 fitted 

^S3 b (CA^J^ i:RZ W^ficffiii 

[0012] '&%m$ 14. »^«384«: B»i Lfct 

o-ctt*< , r z aen$ jx/c^tm^^sr stfyt 

t (DT*S>5 fc^. ytmm%x3 b t4R Z m^(cJ; o TIEffii 
£tt£ 0 L . 3t^lS§i3 b S: JEWrTS R Z ft^a 

o2lia*3&*6> tf SB0-T5 w b l4-c# / e ^v^<J: i ^5 mM&h 

so 5 0 ifc, m»o¥&±i b fob -tz m&x 
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o>) \z.*trz>ittm®&3 b <D®©*©sfb( ap) 

5tE#ll I^Lfci? IC V Ml -?6a, g§ 

2 <r>'*7 -> 6 b coffl;frSTJttfcg^^5ttfi£lw(*fc 
oTV^VW.' #2£2 6 (7?a^J3t^. 3t£f88§3 a 

[0013] mem . *sm%mm<pm&&'*Tj» 

&<DU&83f&m!klZ£. <0 *S /Ntt( Op t i c a 1 
Si g n a 1 No i s e Ratio) t L 

*b (ciffifc*. ^ 7 >■ ^Vi'flSfffcj Jx5 o ^ 7 

14, fc2 SH<0<Sa£$-:5:v y ^ 

^'UT'ft^iil-S^jfeT'fcS. 1 I- ©{§-!§-tC*|-L 
T, WBL0>x<(y&{r*\ EI£Uif». WK. &#© 

*^7>>'/i'i _ 3s25®a s *>2>. digP^^^/H*. — 

*MM-* l «rt\ IBB* * 7 i/zf**®m\. b 5 r t * 
4#M¥8 -1 1 1 6 6 2 #^#{c:^ixT^5. tixt 
J; *U*\ T*-:? gfflWy h fc^— * * a ^ 

x, a^:?i^F-§^t) fce>-rr t assure 

7^©«WfcBfi£©BWIUcL-C*»7HE» 77-f'<©» 

J: 9 *#< i-srt^T**. 
[0014] 

I »W#«fifeLJ:$ fc+SRH] f&fcttl 14, *gMi 
n©ffi*B«rfllttt-«r t &7t9ftft«rAltv3£ SSffSr 

«t42<«*>«i:v^ IBBH*»&, 3te3tt©^flH*-Ctttt 
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jraww*f&sfrfc5 1 v ^ nasals . 

[0015] t£ft0!)2 11. >-</^ffl[fiSr«mi-5flfc«>a 
[0016] Skfctf*J3 li, Jt/^v-^S:*^ 

[ooi7] S£*#|4 r-i*, ffiiS*^7>^v <Dwmm 
20 fejxrv^as, wfflkffltib MH( mis, iaS^Kilc 

[0018] r. ©38911*. ±3i©±9 

J8L fc«HSrtf5 - ^ s T?t 5 %^gS: r 
[0019] 

tzm%&& ny* fStt A73-T-5 1 1 1> Ic. StriS^^v 
*?iJA*i^F*^A^$tt5^^^?'J4rA^jLT«^ 
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««fl»K:aafeL -c ta^i-s in»nmt , iwe* 
[ 0020) ms&nmmmmt. if ta^-r 

-r -if ft tVb xV ifft^-i: £: A73L 

IBBIW»UriR^#*ffl^afiaiH«aK:» TVif 

* <r>ffi&/7 Y *$r MW5 «y«t*Sr fit 
* ffiftglB £ £ ^frf 3 r k £ 4$®fc i"5 „ 
[ 002 1 ] t«E5b'<A'^ffiB*UEB»H:» JEfc. MC 
35^880^ titfj£ ixfcm^W^ o y ^ ft-g-KJ: oTBStt 

k iffi&h'<A'*J&J3mFi-k PQlcSSKS *v5e2!Sg£: £ 
MEW, 2flBREt±©S*»*H«rr5* 
fB£r*L« fflE£ttB3'7b *UMfl^>&ttft£Ji*ffi 

[0022] mexxMStt. *rowt*KiKa*&M 

[ 0 0 2 3 ] ^<r>WR\Z&Z>it/<J'\'*&£gm!iZ. mfe 

mjj-rzxmk , j^0ffiHKa>«Mgi 
* n y 9 flH§* m^j-rs . m&zms\zm&£ 

ti-rzmi (Dffgm&t. mi <D$XNS6*>titt>£ti 

flS2 W3t^HS§i: , JB2 ©3taEIHIl!^A*S ftZftm^ 

So 

[ 00 24 ] msamEBtti* TV -WHrtiWr*-*?* 
■Y 1f(t#58*HKI: , MIB3fc*iiJ»©aiA4: mrfErV if 

[ 0025 ] i&IE&ti^MSCte, metSl 

^2 WJfc^jagrov-fix**— *-(w*TLT. HfFlS^SS*^ 
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[ 00 26 ] BufE{S*B^SS5»i> 311 <n%W$®&h^ tU 
MEffiWlBlB», #HS3tiSgSwaa 

70 [ 00 2 7 ] Mtemi^KSBtt. MIEflSi <E«H3§i: 
<b m^)$ Hit vv9 ta#<75t£titr h LTtii 

«-5HraM£-frT|&2 ©*SilM«cffl*t-S*«H»i: 

^-Sr A^lL % MES»tiA4 tb^l^ *tfc««tt? n y 9 

m^>ata*->7 h -rs c t ^wm.k -fz> . 

[ 0028 ] _tfESgl t ^2 ro3fe^lS§§?:l ocd^H 

t yaenat mi <DU&&&$L&$:m&Lr. mi <owk 

jo [oo29] mzjt'^^ftzgimL ytmk lt> i 
i (Dfo&cDitmtt&ti-rzmi <n%Mt , ^2 ©^s 

^2 W3tMi: t ^3 <D3t^^i5:*L , 

mi k mz <nitm®%A*b tiit^tm^-^m^ r 
m2 <o%m%mizmt}-rzx$®.$£k &mz.tiz t *® 
mk-tz. 

I 0 0 3 0] ±fE3t^Av^£2IM«:, iSg^SSSrlt 

[ 003 1 ] ±EJfe'^^»*§fi»4, ttG3W*&ttl 
«E3Bfeakom*«*fc ^ATJLT^^HS^rtiia-t- 

7 v mm&k *m*.z> z. t ztrnk -rz . 

[ 0 0 3 2 ) fflBftSMStt. #i»fm|Le4KSj^M 

50 SS:^fflLfc^t?r#mi:-rS. 
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[ 0033 ] BfTfESf?2 (Dft&m&t % ffiEfittSSXffi 
[ 0 0 34 J fufEg?2 £>#^f&§Si % BufE&tB^MSB 
[ 0035 ] £©»Wfc^3^^*(Mttia#ffitt. 

0f^ro^»3 mumm:i#^>fr<A'xm:*Jri-&Xi'<ji> io 

« jS^roa^W^ vy* a*-** ^SXSi: » til 
C8&S&>€> aj*l£ ixfc«SW?I^ n y t fi*9fr AftL. 

3tigiBigi , iie%xm8ii>& tb^$ tut* 

3WW:CB©Hk&*rA#L, 3fc&itiX@<Z>£ti;*J#**i: 

[0036] ttecfcteMaxatt, ifWKrttttr*- 

3 t*-y ifft^^XSi: , ^S^mmTMfDmtik mJf2 
If tb^>$ ix5 tV If ft-f-i: £r A2l 

LTmwm^xmmattmti-rztmttMTmk . 

ISXgd>e, atfj£ *l3 MSA-** SrA^Ltll^ 

£ fittest * Maxa& £ £ k £ >m.k 

i-s. 

[ 0037] r ^£<£ffi&dfc'^;*££«&tt. Bf36 

mt . mi ©3«aixe*»e> 3t«-§-£«^«j 

ft-g^ttdHEMl X thJj-tZ M§2 OjfeSHXB 40 
k » &2 OXKHXafcAAS *L53fc*rs§-<t 312 co#^ 

(^mms.m:um-^mTM.k *mkit.z. t ?r4#m 
[0038] gfnssij^ixsiis ^ ifffi-§-sra*-r57 f 50 



) 4#PB¥l 0 -33 6 1 54 

if flHWS£l8a»e» *i* ^ if ft-f-i: {4tBJt65X 

ffi^^MXMwfiHl^MfiSrSiJ^i-^ $Jfflim-§-?r ffl^-T 

5 XSt $r*-T5 r t Ztmk -t-S. 

[ 0039] r W^(^2>3 l ^-«/V'^^^M(4. Bf« 

trtzmi <D±mmk. mi wjt^wsd^m^isjx 
k m2 <DHt&m&frt> mtiztizytm^k tus^- 

fS#i: , ^lg§g*^ atf>£ ma^^ o s/ ^ ^f-i-i Sr 
A*U Tm^m-^-t ^«t6<J^ o y ^ m^k <OffiS&—%c 

[0040] me&miBifttt. stnE3te»ms*»fe ffl^j^ 

^•t W.%tft? a y 9 m%k Wffi^BSr JtgJL T^^ft^ 
[ 004 1 ] ttJlSCtfaffiS$BI*, M1EM1 £03t^I@Si: 

m2 <nft&m&>^-r^—i5iz.tt\.x, mEs^ssa»> 
[0042] imim&MiM-i, mi <o%%m8t>»b m 

3tiB®Sg5r«x.. BtFfE®JWlHl3S»i, SdlEptJI®So5SS 

m&*m-fz> mmffl®®&k zmittzz t &mk 1- 

[ 0043 ] StllE^^^^^Sli, MIC. mi km 
2 ©#3BHB©^-rauW£AA£ tu5 m^w^ n y * AT 
«t?ny^ U T A^L , x-^ AAL X 
9 a y 9 iM^-icmmZ «fcf*-# «*«rfflWt*i: b T 
JBi t^2 o^^mgwv^^^cffi^-rs^Mf^ 

[ 0044 ] _LfEg?2 (D^f^Ji, ffi^^ 7 -e 

hZ>Z.k*iimk -tz>» 

[ 0045 ] C<03BWK«53t/<^«4*tfe»4. BBE 



( 
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, mi <oyamim*b t^> 
■I®* ii* <o\ ^-rtifr—tt a^l 

^ ma^sxiti: . iMe3te»ttjxaa»fc mttz tvbrn^ jo 
[oo46] «iK*!i»xatt, swE*t*taisa»& ffl^ 

$ ix5 ^ o 5/ ^ «-8-Sr f¥£i"5 ^n^ff 

£4#Ste1-£ 0 20 

l 0 0 4 7] 

Xfoomn . Bl W:. r ©«W<D— 3Q6<D«ire&5 
3te/*/i<x iMtttUiaaSr3rt«rifc/o ^ ^ B-efcs 0 B 
1 Mfc^T, l ttgfS©»9 SLI^M-CJfc/^/vxisisat 
ttv^ 3t^7u* 90S: AAi"« 3fe/*/V* . 3 
te^Vu* A^L , m^W^ d y ? flNHc3S-5v 

n y ^ «#^ffi*BS:*>7 h -T5 fitted ^ . 5 tt 

8 tt3M^*3»^«»««caElfti-53^m», 9 
0 fifflrffi^^4 ©Attach *Sr*J»i-5#J«fl-g-Sr 
ffiffi»J«|HlK. 1 0 ttflfctts^ * (DffiSi/? b 

M\ y (Li Nb03: Li thi 

um Niobate) ( Ma c h — Z 

ehnder) a#3HH»4if , «*Mt#»Cj: o TltW 

^/TlTl^o B2 fc.:tevn\ 1 3 l»>7^A*8 

^ 14 BMai — ^ % 1 5 ttrnmsyfrntim 

-K ^SEicJ: o T^»^{b-r5 ttSSr *-r^ r<b£r 

mens-*-* o (affl->7 ^tit r <omizh ^ 
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^bfiiAi-5wi:^T*#fi 0 rtt^(Dffit§^^(^ ffi] 

*m*s»?-i 0 **e> -rz^t T-msi''? v ip 

( PD) 4if«:fflv^rt3&s-e#5 0 

[ 004 8) »f^SrlS3 SrfflU^TRWi-fio 

*/<^Ha^WB3 tcA*S ttfio %XM&3 tt. » 

4 rtt. ficffi*fJ»lH]SS9 0 lei 19 SJW$Jl5 0 B3 (c^S 
•Tfio B3 (Cl^oV^T, 3 o(D*^^^5!IO^y^ffia35 s 

»>7h *«u fipte^b fii . fitted k fi2 . fiffi 
^3 t "«rS 0 -- IP*>; if (OS '5 -ft>*/v;*te«*i*o 

3fe^v^ ^J^ s a^$ nrt> . ffi*B*>7 ^ ici 9 mm#j^ 

[ 0049] 7t^I^3 tB^j^ ixfi 3ft3fca» s *fcfc 

(-*-r 0 &ffl^ieiK9 o tt. {m^y^<ocm^yb 

£r A *»tl«JP$ S2) , *»a«K)Ul*3a s 

*^cttttf(S3, S40YES) % ffiffi^35(CA4>±g 

( s 8 , s 2 ) 0 A **r*t*BJte *T 

t . *KUi»Offl*d s *B*L5!):V^»^( S3, S 4 (DN 
O) . — fifflB«rA**!«-«^S* % 5uirM-T( S 

5) 0 ^lt, 3E«-ffi#BfeA*»tafe^S«T:( S 

6) . *«im»7>ffl*Sr*i*$-&5 0 ffiffiS:A*»t« 

$m^? * 4 fcSHiwa r. t *J-e* 5 . B5 

»flFS:»UTt^5B-C*>5o 3^Pl , 2,3,4,5, 
6 , 7 ^mtcm^tf^ a >7 «#^fflttdS^7 h It, 

ffigi: mmw^ * y * m^co b m&WA tmv 4 

< — SrT5o B4 (c^i-ryV3fy X-M^ fflffi?: A^-f 
o«W*^S*r. *3»«3&s*t< 45->7h ^fpM 
atTt^c0T% 1 ocOjt^lc2 o^ffiffl^h S3 5 
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£ a <j>fc*tti§inx«4®'>£ tttfst &x\ Tt^So^ii 

C 09»t«>»fll«>{HSMWBlK9 0 tt. fSWi 
f&SlslSg, i£^l4, CPUi:y7h!>x75:Iv^rt 

[0050] r ©«w-e4«>*i5^A^ffiBottffltt* 
14, 00*. tf. A*)£;tx5:ft^A-*5y<7>^tc|^Lfcjf 

[ 0051 ] . H6 14, r. <D&m<D-mffi. 

St?*>5. 06 l£*SV>T, 1 *43^K*^JA7W?\ 3 

»43t^ni§, 4 ttffifflsrf* 5 i4$gs§g, 8 Htaed* 

*1*HH§* 9 »4&tii>'7^4 ©fir 

^, 1 1 lix-Y ir«fl«^EiiSv i 2 ttRmtt&fcm 

&tBJt$fcg§, 9 0 tt{fef§it99natt-?fc&. mass? 9 u 

mmn9 ittiom&z o , iwire 1 izjio-cMtt&ji 
a. *®s§2o , mw&z i «, v^-fixt«sut^sic 

±otgSlcim-Ct5. titfgitg^gl 2 14, 5 

7 , iftgigl 8 , iS^gii^^f 1 9 (rJ;oT^^ 

tv5o flfcffifiiffllElS&g 0 f4, ^ -y»HW8^F«8l 1 , 

&.mm§§i 2 , ms->y^smm^ Wotwj 

*l5„ r-f ifM^rfelHlS&l 1 (4, lk Hz ^15k 

Hz m&cotm&m (D-m^m^^ -fm^Dzmti 

-T-5. &SEj£&T*>&7 f W 1fft-9DMU *D^2 0 CJ: 
o TtiLftitmSl 2 Jx5 OK&&'?*>3 gin 

«*£ icDOlte ix, fflfflBEV i ft o XffiBis? * 4 IC 

ttJttfesi 2 ©ta^m#^^^m#E t ux*n^2 o 
[0052] s*gi&ttmi* mi t mmx$>z> 0 hi 

fr? jsts>5. sbf^nssria7 ~mi 2 %ffiv^Tfa^-r 

5, 17, H8I4, ffi&S7*4<BWfr>7h*&XX 

-5. 3fc£3S£3 ©SiS^aW <0( b ) ©iiU -Cfcii: 
%9aH^ff^3«>(BttrBl7 0D( a ) 

S»i€> U«jS ii^> *fr»03ffil«SHS*dS»«:H7 03 

( c ) 08 fcfejj*-tt:5 Id, 3fcg?lH3§cDffl;Jj£ 

*i"H7 ©( c ) 14, JlfiSc2 f * 
0 , Jg&&f ©J5fc#fMFfiELttV 3t£g§Sf3 wffl 
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t)*7Ftm7 05(c) iT^ If ^"137 <D( a ) 
t WfitffiitlSfSl 2 tcj; <S (^ffl^&OtB*(4-fe*n t /j; 
9 , ffiBitWim 2 KfKt-^E J4if o £ ft 5. 
[ 0 0 5 3 ) i9 , Hi 0 14, mB'>7 * <D&Lfo>"7 h 

iM^Sr^LTVS. #im§g<OjSiSstsasE9 W( b ) » 

( a ) tC^itaJiafcmf -y-'ff-SrD-C'lS'hgfgL 

;o 03(c) i'^-r 0 mi 0 Kt>*-r«fc5 ir, custom 

7a£r^H9 <^>( c ) t tV •y s <t-§-$r^H-09 cd( a ) 
03firta»4S^L TV >5 fcit). PmttttoUAttA j: ft 
9 , ffiBUMUSi 2 **&*offl[©»»t*E*tittjS*i. 

E03{n^^T(stfB'>7h a( mmwsv) 

[ 0 0 5 4 ] El 1 , 131 2 »4, ? (Dfflm~>7 

20 h msjtgfflSfrOtiit)*: McXt fltJ: 9 t> /J^ V ^ # 

( b ) (DiifJ T-fc-5i:#, 7t^^S<D^lMt^>(sttB* 

mi 1 <o( a ) (c^nsffl^^f cox-c -rfi-i-D-m 

/J^KPIL fci: # 033t^^S*^ ItitlZ tub OMtemmjt 

ft&mi 1 <D( c ) IZtM-6 Ml 2-^^1-4:5 Jr, 3t 

£m$&Dmj]*fFi-mi i<o(c) ^fm^^r 

111 1 <0{ a ) (DfitffiJ4l^tB-Cfe5fc*, HJWSa&Diti 

73»4ii:ftt) , <stiit«si 2 jE<Dm<ommm^ 

i0 (4, mS->7 h I4iii0$ *?> tvs . 

[ 0055 ] *^KI4, iamtttt«rffiVV&ft.«>|cifc|tt(| 

*fti k Hz m&<om< ^^^ii^-r-s r t a*-e* 

2>„ ^if«-^43?a^^-Cfc.5fc«), {S3B->7 

^ ©JfflilHlK9 j6>6 W7J$ ix5 mHM#T-3bZ, ffiB->7 h 
40 4€r TrrrMWmEV izZftZ nmt »4ft & ft v \ 
[ 0 0 5 6 ] 2m<DMt&3 . Ml 3 14, r. 
JfecD^iiTfeS ffiB«ttiiaiKr*^»lfifc/ti v 

tmX'foZ. m6£ro<SSl4, ^^^5UB^5t2!i2 
2 , fi£BJia>3£77"f '<2 3 , fiin«mtttmBlK2 
5 , •e«S^^ia73iW5 2 Sr«Sx.fcr k-VbZ. 

* vmzytmz 2 14, n ^ flnj*»±i-3 » 

n ^ Ufc ^gP*JSM3tlcJ; 5 ^E~K n y 9 WPtH 
50 Sr«Effl-r*ri:#-C#*. »aa*5 14, 2aBB£Ut«5fl 
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vmwL#mE\m 5 x&. ^m^5 <omsm» *y?m 
[0057] ®imcot>t™t5 0 e^ss^^ 

Tt^r-f 3 O^V^dSgjfrj-^^pfl^x ( s e 

c ) , zzims <DmmbZKv*m^<om®m:i < h w 
btmzt&tmtt'^i'xw&m&t ( s e c ) t 

T=N/f +t ( 1 ) 

Sraurws. SC( 1 ) «rf T*#&*Z>k* 
N=f 2 • (dt/df ) ( 2 ) 

T=f 2 • (dt/df ) +t ( 3 ) 

fcftS. SC( 3) 14. *WS5«>«W&^cr-/^«#0 
il&gtf ( Hz ) * % fitfBi<7h Sffi^S&^l 0 (Dttitl 
**&H«*il64a^ft^^»tt«FlBk (sec) 

dt/df t >$S5W>*U4. ei£&;H<0#:7T'f '*2 
3 to^/u^&Brt^^far (sec) Sr«ft5rt 

idt SrWSi-Srfc-C, dt /df ttSUfeiTA, r 30 
5 IT, 5t( i ) SrHHLfcSM 3 ) icJ:oTe3!&/8 

o*7r>f ^2 3 fc^^#«fr^s^Krr*tfm- 

«Bl»ra*ttllHW2 5 f4. ^^S§5 d» 
ix5 m^ft^ d ;/ * flr#o ASBBkSrd f «48E 

^{fcfidt ^A^?L. 5fc( 3) KfS^T^^asfi* 

e*R^rasiaiigK2 5 ny^^niotssic 
[ 0058] easKfflo3t77^r^2 3 sr^/v^^e ^ 

^2 3 (OftSWSrtfJBai-St^-efeSo L*4>* 

s^tjev ^ ^ ^ ^ u v^Batft^eaa»o[) 
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[ 0.0 5 9 ] &mmxi*^ eaiKofiswsrssafff^ai 
s<A<>x oej^BBS: w-so-rs jt^u* t*e&g( ot d 

R : Op t i c a 1 Ti me Do ma i n Re f 1 

ectometer) ^iS/Bi^ ^kt> "C# 5 0 

[ 0 0 6 0 ] mM<omM4 . 01 4 fi, r <733BW^— H 

iWJRai3ianNK4 2 sr^t k x&z> 0 ^^m# 

[ 00 6 1 ] «mcov^TKWi-a D S^W^iti 

2 -cii, mi 5 \ztf£ i^b X 9 Jc N 3t3EBHS©3aa*«: 

1 5 {-^^ ix^ J; 5 ^ jES&com^W^ a ^ ^ iE^X 

mttyt&m&mxk-rz&w-syh mzmmmcmm 

[oo62] 3B6a>jeiB5 . eh 7 c (D^mco—m 
mmmx^^<^^^m^^^y^ vtm 

T?fc5o Hi 7 JC*5l^T. 2 6 Cigf ^ 
«r«30tU 3 a *4*1 O^t^i^, 2 9 fcftm^. 

3 b fi^2 <D±mS®&, 2 fi3t5MK». 2 7 tt^Av* 

fffefcsffiffiv-^^, 8 tt*t^ui« % 1 2 mtmttM 

9 ttffitt->7#««iEtt. 1 1 Mt^V ifm««4Ha 

S2 1 \z£^>xmi8£ft& 0 mm&2 o . is*iS2 1 

ffiitgE§il 2 tt % 5 7 , mWtel 8 , {g^ig^ 

am^^mm\B\^9 s ^ ^m^^mm 1 . am 

1 14, Ik Hz ^fel 5 k Hz mS^{gJl&ifcf CD^/h 
£§2 0 IcioTttStbttSl 2 A^fe ixaisatw* 
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EidtoJKFtu ftftrsytA \zzm&inz> 9 3tl*Hi«8 

1 2 KioTWJW^I-*. ffiffiJtlfcSl 2 com^ft^ 
[ 006 3 ] jOK 6 fc LTI1 iNW*U-1f^*«- 

#a 0 7t^iss3 a, 3b am v ^v^-r^*** 

-fh (Li Nb03: Li t hi um Niobat 
e ) Mach-Zehnder) ffijlfc 

7fe*^2 9 t LTtt. #±»S:K-:/ 

[ 0064 ] t£2§i2 6 mt>£ ftfc#»-Stt* jfc&M 

S2 9 T^!7 - V</VSr*t«£ tVb 0 5t±t^2 9 

^S^Ii^n^o ro<*r#. 3te2E»83b A*$n 

^ * 4 (cj: 9 Jx5 3fc^PS3 b z>& ffi;fr£ 
3K2EW»3b icAASnS^^-XJ: 
9 t>y^^«35Sg< #3 ( Wl >W2 ) „ ffiffl->7^»J 
f*pg]ft9 fit, Iflt-i-t 2 coffin A* 

^4 S:»J»LTV^ 0 r OMflsSr, Hi 8 , 119, H 

2 0 SrfflV^TRW-TSo Hi 8 mZi/yfKDm&i/ 

Ktt. Hi 8 0( b ) (-^T^ 9 ic. %Xnt3S3 b OS 

5 B Hi. 8 0( a ) 0£5 ffitt'>7^4 OCtfE^ 
h ftfrMSRf Or-f iffl^-T^/J^^U. ?fc^PIS3 
b offiKrfi-g-Kx-f Ifm^aSL^t # 03fc^PIS3 
b i*feffl*Si^3M*o(B«««#dt»«rHi 8 o 

( c ) tc^i- c xxmrn b a*&m*$tL5«w««# 

b OHtf3f§-£**i-Hi 8 o( c ) tf>f iftt^^-r 
Bl 8 0( a ) £ ©HJH8«tti*f**n 1 49 . MSgm 

[ 0 0 6 5 1 Hi 9 tt. m$^7?<D{±Zm^7h fi*>* 

5l££W»3 b oaBB*tt, Hi 9 0( b ) Oii9 "Cfe 
6o 3tmm3 b OJEftfff-g*, Bl9©(a) 
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■f. *fi^3 b (om^m^Tjk-tmi 9 <d( c > t 

-< ifm-f-^^-fHl 9^(a) offitBttSteLTV^Sfc 
[ 0 0 6 6 ] H2 0 tt. fl[ffi^7*OfflrtBi/7h 

7t^is§§3 b oaBa**4. H2 0 o( b ) oi§9 -e*> 

6 0 3tSWS3 b (DmmiE^. H2 0 (D( a ) 
«**5>ai*S*u5 B2 0O(c) ic^ 

-To *^bb»3 b om^?it^^-rB2 00(c) t ^ 

lffS^^i-H2 00(a) offiffitt— suxv^ifc 

[ 0 0 6 7 ] r. oj:5 ICLT, ffiS^7h *»i««c:*ig 

*I§§2 9 ^^K(-3fem-^eiKilS^^O^»dSfeo 
Tt> , 2 ^03t^I^§g3 a, 3b ^MB«*ttflir»C*« 

«>. aA«f2 7 d« ttjg/ WdSfflAS h 

mjfcvmmmte?* -k ^ bos: ssat?* * 
fc5 0 ^^^ffi^-r^ ^ ^fit-^com&m^ a^? 

*£3^fyfW£l kHz ^15k Hz !S©jft^ 
/J^*SO^St^5>T*feefc^. DtSEBJS»-e*>S<actiV7 
30 [ 0068 ] 3taaHS3 a, 3b S:SaHr1-S«*W^ o 

^3 a . *um4. 3 b ^ri^ift-ra m^w^ o v ? mtt 
< . ^iiS3 a t ±mam3 b o^^fc^esiss 

SrS»rf5t>«)tr4*6ftW\ *fc. <itS$fJ^lHl5S9 0 
fit, HJfeO^ffil OH4 T*^LfCct9 ttTfl^*]) XA^r 

^0 [ 006 9 ] HJ£o®SI6 . H2 1 tt. r. <DWM<D— M 

-e*>5o HI 7t^)ffilll *»««2 a laot*^ 
SiS3 a Ota*«*6S2 fVh Z. t "Cfc5o 3 a (4 

SSI 0>3fc£W». 2 9a ttSBi 03tttMB», 3 b fi^2 
<03fe^W», 2 b 14^2 O^t^iSS, 2 7a (4^1 <D% 
stfrxmiJiSff; 5 »9^S. 4 a ttflltfBS'^, 8 a 
tt3teKU«, 12a nmUXM£$s. 9 a ttffi#Bv'7^*J 
1 1 lix^ If «#5B*B», 9 0a Htjgl Offi 

^©jffiiiHiss, 9 0b 14^2 offi*a»jfflii3gs-e*>s. fiffi 

50 v-7#»J»E]SS9 a JD^S2 0 a , ^r(gg§2 1 a C 
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ioTtftSSttS. {fc*B)tA8»l 2 a (4, $ *1ML 7 
a , i#HS!l 8 a , {£*£3§ig:7>r /^19a lCi:oT|| 
*t5 0 2 9 b figS2 <7>7fcii(fl§ff s 3 c (4Jg3 03t« 
SRSg* 2 c tt»3 2 7b \Z%2. V>3ts<;\>* 

ffl^MH 5 -, 4 b I4fg2 <D$mi/7? , 8 b liJtSffig, 

i 2 b f±tttijt«a», 9 b ©jwiHissTfc 

5 0 ffi*S->7^»JWlEl»9 b 14, »D»g2 0 b , igflSSS 

2 1 b KioTflftasj-ts. flSBttiaii 2b«^* 

tl7b, *i*Sgl 8 b , {S8c8ifi7>r /^19b *C<fc 
oT^itSo iffras^EBSi l (4, t&ffi&fR 

/HB«<0x>f 1f«^£Hi^5o 3fc5*i&3ff2a |C<fcoT 
*t"C3tit#B»2 9 a (^A^£ ttfc3t«#«i, 

*B^2 7 a ill ttijlZtl&a #5MS»2 a lc£ 

oT»«Six"C3te»«Wi»2 9 b i^A*Sixfc3e«*tt, 
®^v^^*LT^^til*SSHF-2 7 b <fc«9 m*Six 

5 0 ^ (D$m<Dwmx*n, ^tm^^m^^x^u/u 

\Z%m-tZ>^t , 2 OO^/V* ffi;fc«^2 7 

a , 2 7 b ^git^r £ aspTSB-efc*. 

mi t Sg2 OfifctifliHmBlK9 0 a . 9 0 b #1 
o©^ 1fflr#»ftiaKl 1 j^fe^-f 1fflr#4rA*LT 
V^2*, jgi t fg2 <D3mmg£2. 9a, 29b <D$fm- 

m:zm^&&$m&m:z>m&&. mi tm2<Dia 

1SffiQm&9 0 a , 9 0b ^ttVXm&WZy*^ ifff^ 
£[U3§1 1 fcRttTfeiV*. 

[ 00 70 ] jH6j»tt«2 a (DWggt&m^l, , $t/<A,X 

[oo7i] mmi&WT • m2 2 14, z <omm<o—m 
m&mmx&z m^mw^^i-m^rfu 

T?&5o m2 2 fr*3V^T, 2 6 VZjftM. 3 a I4gll CD^t 
^Mzx. 2 9a ttgSl ^)^t±ii|lgg, 3 b I4|g2 <D3fc^ig 
8,2a (4|gl <Z?#3M£S, 2 9b I4|fl2 (Dftifillil, 
3 c (4|g3 GWtaajW* 2 b tt#2 (Dfttti&S. 2 7 (4 
^/^ffl*iH J ?--e*>So 5 I43gg§§, 4 a lfflffi*>7 
^, 8 a f4?fe&ffi2s, 12a ttflfcWfcRB* 9 a I4ffiffl 
i^^SHttEBS* 11a I4tV 1fft.-H8*iai8. 9 0a 

ttJSi <DflfeB«»igB. 9 0b I4jf!2 ofiHSftmrEIB-c 
fe5 0 {i^>^^©JfflI[HlK9 a (4, JD^§§2 0 a , ±8*1 
S2 1 a iaoTMStl5 0 Gtflit£fc§gl 2a, IK 
=*1M 7 a , if *I§§1 8 a , {&*£58i&7>< /^19a IC 
J:oTfl|fiRSix5 0 4 b I4H2 (OffiQis*??, 8 b I43fc 

tttm 12b ttfltBJt**. 9 b \-±m®^7?mm® 

8, lib I4tw 1?«««4IhII»-C*>5. ffiffi^^SJ 
$)[E]Sg9 b (4, JD»S2 0 b , mW&2 1 b iCioTi 

detts. <sasjt»»i 2 b 14, $ *m 7b , ±iigs 

18b, (S«jSiS7-f /^l 9 b (^i:oTffi^Jx5o 
Ell 7 t <Df@§*4, fg3 03t^BSB3 c jtefi-g- 

«:*>y TyH^si-ar £ -cfco , 3t^^3 c &wm 
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2d 

ass b , ^ i?«-s«*ia»i i b , flbBttiHii 2 

[0072] mimm^mmcomms t nme&ztiK 
isy 7Mz.mttztvfc3 iz<nftmmmmML,xwmi$ 

jxSfc*. Hi 7 03^^P^3S*3gfiJ:9 t ev^/w^, 

«<o3te/^««#sra*i-5r. t H2 2 

(4, a , {4tS->^^4 b 36S$UtJr»JW$ ix 

70 >r "^m^*[ElKl lair^f if ft -&3B£EIB&1 1 b 

^ if «#«^ebi 1 a a>e uj^^ ix5 ^ if «*o 
m&m%i o k Hz , ^ if«#»^iaBi i b *»e m 

Jl£ tVb if «*DJB«»S:1 5 k Hz t r. t & 
[ o 0 7 3 ] B2 2 i^Sbfc«WK(r, 5E(c, ^4 , 9&5 

20 [ 0074 ] M^<0^mS . m2 3 14, ©3SW<^— H 

T*fc5 0 B2 3 fc*5Vvt\ HI 7 i:Olsa(4, fifr>7' 
9 4 d5^^^§f3 a «r«H-« mmift^ ci y ^ m-^>fiC 

*i«:«H*r5#MU: Ufcr. t (cfc^ 0 5fe±fi|@§§2 9 

ffl^S^-2 7 tl/5 ^^/^ OfiCffll4^ 

^(Dtztb^ mi 7 tmm^ m^^^m<o 

^-2 7 ix5 ^{S^SSr— -fZ^t 

[ 00 7 5 ] *6£^®ffi9 . BI2 4 (4, n <?5^P^(0-|I 

t?4>S« EI2 4 d^T, 2 4 I4r 0>389!<Z>ffi*BX3E« 
WCfcS 3BBat». 3 4 !4%aSSSIB!mEnS. 9 1 

f4^ <o*w<osi»iHiK©--«y-e*>s iis»j»isii»-c*> 

5„ 3t3»iSfmi|BlB3 4 14, *P»S2 0 , m%£$*2 l 
t^oT«^ix5 0 tom%2 0 , ±§*I82 1 14, ivT 

SS9 1 14, ^ if flHHBflHsIttl l . ffitBJttHSl 2 , 

5tSjffiS»[Hiss3 4 (aoTi^ti^o jisnifliia 

S§9 i 14, H!4 (c^LfcJ:5 tHT/U=f]} X^Srfflv^flJ 
[ 00 7 6 ] 3t®SS2 4 14, 3til3^$tJ«lE!B3 4 3&» 

7? \zx r>xytfcmM$&&&mt£ v 
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( 00 77 ] £*gjftttfftt, Bl 7 t R*Ttfbt> » * 

— K s<y ? Mm*frfrZ> fcft. 5&MHI2 9 {C3tft-§^> 
ettSSSBf^O^aj^fcoTt, , 2 ^©7t^H§l3 a , 

3 b ©saws-sna, ^\z%m^t mmtz. 2 -noitm 

P> I4M' <frX tftitflZ 1x6 . 3&fMS2 9 -CJB*"*-* * 
3 a d^tB^J-rs^/^m-^fittiSr^WNi-t-Sfcii), 

[ 0078 ] 3Q£o>7gf|gi o . 02 5 14, r. ©389!©— 

0-C-$>3„ 02 5 HJS^T, 9 1a \^<n>&m<r>W&m 

WBJtt, <£ffi->7 * 4 i: #>»£3S2 4 J: o T*gfiS£ ft 
-So 3titS8ffifPlB«g3 4 tiu igtISS2 1 fcfco-CHIl* 

£ft5„ 

[ 0 0 7 9 ] 02 4 i 0OfflSl4> TV 

*4 (Dffia-yyb St-ftEbfc^t-fo^. ate&fflSls -c 
*a$*u5«*tt, TV #«3£3§2 4 tcSEL 

£02 4 05ig^t> . fitfav-7^4 |£SMLfc02 5 <om 

7 tc^-f ifm-f-^fi^i-^ *-i5^T-fcs . ft 

®§§2 4 {CA*$ ft1\ sSHm-^E A^b ftfcBGit 

1 0 0 8 0] HJgCO^l 1 . @26lt w <0?mo— 

02 6 K^T, 3 5a (4311 <£>{Bft-£#ft£g, 35b 
(4f?2 0Dfiilft-£#ftSS, 4 5 ttflraKffiSBMrcfcS. 
[ 008 1 ] %M2 6 m^i--53tffi#<0^ifcytffi 
14, J9r£<DflHfct*IB( PS) laWteftT^S. 3ta^2 
6 frt> mt)£ ftfc*«*Hu 3teSHPH*3 T?3£igSS5 

%y</\'Mt 1 fktt£^tz'&. 3tlt'fSt§2 9 T-^-u^/V 
*X5„ ffi»^SS3 5a, 3 5 b 14, A^J$ 
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ft) KWHteixTVS5fc«), <g«-&#2£!f 3 5 a 

§§3 a>ib ai^$ *ufc*f§*»4, <gft#^ft^3 5 b izx 

0 T3tSSSf 2 4 l^t±5*$ . 5ta5i5S2 4 J; o T 
gFf^ilS^xbiXfc^tft-i-fi, 3t*i*S^2 9 I'io 

Stb?> 0 iHft«t«aSft»4 5 l=J:oT*«*W:fll»Srit 

SJS ft( P ft-»S ft) , ffift^5>ftS3 5 b twA^l^ *t 

mm3 laotffsSEsis nfc*/^ii, «ft-&#ft 

Si3 5 a lCioT^ftS2 — i: C 

( S ft) &%M2 6 tvftt * ©<lft^( P 

ft) &K£L-CV^fcg>-C*)5 0 :©J:5i:. 3t«* 

3 1* a^is Jxs 5fe-«/v^ ft^-i: ng&L T^iaaf^ra 
7 ±9 aj^-rs. atasi^^ijisfi, 02 4 1 rhr 

[ 0 0 8 2] <Bft3-#ft2£3 5 a , 3 5 b $r; 3fr^#ft 

i5fcS7t«), 3tS/Ntfc( Op t i c a 1 Signa 
50 1 Noise Rat i o) ©aSd^li^JK ^ 

1 0083] mmwtmi 2 . m2 7 {4, r <D&.w<r>- 
mm<Dj&mx*$>2> $y<^ ^^jg©^ ^-rm^f o y ? 

mX'&Z. 02 7 (i*JV^. 2 6a 14^1 <D%M. 2 6 
b (4352 CDTtaSu 3 a *4|gl CDjt^^S, 3 b »4f§2 <D 
tmSEtm. 3 3 2 9 (43tli*BS, 3 c I4?S 

3 Oat^liS, 4 a I4SI1 <73fiPtS->7^ , 4 b I4SI2 <T> 

[ 0 0 8 4] 02 3 t commi. ftfi<E>;g#53fc{t-S§-£: 

40 m*>i-z> 2 o^^Sriait/cw tt-fct). jte/^* 

ffi^>fj(4. ftS«3S452 fte©S^w^Srffl^3i-* 
1 CD5t^HS3 a £.1*313 W3t^^S3 c |CJ:-aT«/'« 

A^ftd ^2 W3tai2 6 b a>?> a^3$ H/c7tffi-§- 

J4 S §?2 <Oft&ffl&3 b SVSI3 K)3t^iSS3 c Clio 

n y ? m#W(4ffl(4, mi 0?&ti->'7 ; 5'4a MioTf&J 
^4x5o ^1 OfiltB->7?4a ^^MS-^4, Mil 

©fifcfi^7?»mia»9a »-ioTffl^$iT*. mi W 
so TV i a r±, {anft^^isw^iror' 
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4 fMf-^SrtiiTOL, =T4 if ft -^-li. *D^I§2 0 a Cio 

itfcWMHW: tv 1fflr*S:fl»Htfctfc»l 2 a iciot 
I^JSl&iS-ra. {StBittSfisl 2 a rotu^ft-i-srgi^f-i- 
t L TJD»§§2 0 a tcA^S lit, — K * 

n -;/ fS-SKOfittBtt, ^2 (OmS~>y f 4 b lei o 

2 iffg^^lelKl 1 b IS, -lgJ§jS[SK>^[/J^*S 

cox-Y lJWfclH*L , tV Ifff -SH4, *DgS2 Obi: 

thtimMm^-t ^ if m^&mtiM^ 1 2 b kj: 

oTFBWjaM-S. titfBiti&SSl 2 b roffi2)ff-S§-£glM 
{§-§■£ U T;&ng3§2 0 b iz AJj-fZ z\tX\ y* — K 

8Sl 1 a i 312 Of^ iffl^^HiaSl 1 b 

ifiS-l-B^ESSl 1 a /J>£> ai^)^ *v5 =f-i lFfi#K>/§i8t 
|&£rl 0kHz, ^2 <75tV Ifft^^lElSSl 1 b 
£tS*$ *v57^ "Wf<E>JlSifSc£:l 5kHztt5ri: 

[ 0 0 8 5] 1212 7 tzffit&iZ^ Site, MS3 . M4 

?rtx*3 jfcg, 4 £ r t &x- 

[ 0 0 8 6] *&£<Z>Jg«gl 3 . 112 8 f4, 1 <D&m<0— 

H-Cfo-So E2 8 IC*J^T, 9 2 tti!3£fStf&PlElS&-efc 
■So fias^^ra^lel^ 14, ;DDg3f2 0 a , 2 0b. 
ig*IS§2 1 a {CioT*S>a£ix5. 4 1 f4j&S9$fflli] 

ss, 3 7 &mmn£E&£M§. 4 0 i^MKy yh ^mis 

», 3 9 f4i£g2§, 2 1b r**Wi»T*>5. 

[ 0087] ii7t <z>t@jSi4, jas^aiiHi3S4 1 , s 

!gffiEE3B&8§3 7 , i&gK L> 7h ^ffi(s]SS4 0 , 

0S&4 1 (4, lefties, mii, 3ttfitsti2 9 
Sr^m-r-So tas^ffl[H)!S4 1 14. ssiaoxgfti 

£®^t§3 9 n-gL-rsr t icio-r. 5fcii*i3§2 9 cota 
©effljSiji^Fraro^Biiwi-p-c^-rs. 3tei#i©t§2 9 <o 

fcft. 5t*i*S^5S^^t:*^t±li-^ri:T'7tSsSS3 

tfTOefc*. t&SKy 7h ^tbiH]sS4 0 ©m*«*fc 
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[ 0 0 8 8 ] 7-f-K7*7-K Sy^€riIiDi--5 Itl: 

— K y*y—Y SiJfflKwi o T^MSr7 -< — K /^-y ^ 

[ 00 8 9 ] Hi£<D7F21Sl 4 . S2 9 14, r <DWft<T>— 

mX-$>Z>. HI2 9 IC*5V^T, 3 6 (4$Z;5:&tiilElSg, 3 7 
I4*1^«E^S, 3 8 (4&SKy yh ttUEIK. 3 9 
I4i)^§, 2 1b l41fitsSt?fo5„ 

[ o o 9 o ] mi 7 1 <ota«i4, a&R&£ii[H]gg3 6 , m 
mw&&&.m 7 , &fiK y ^ttjiEiss3 s &g:tt, 

20 IH1SS3 6 14, 3t2§2 6 <Di&a$!l^lleI^m^, j£VM4, 
SES^SrfflV iST'# S „ jSS^miHlK3 6 <Dth 

f)>m%k mmmsE^m 7 mtiztizmmwzk 

14, ±t LT3fcif*s2§2 9 roeaBgS^oTOcJ: o 

T*-rs. 3t*ttsS2 9 (D&yssmmmte. ytm^fe 

fS-^)K*^k^^mi-5 r. i -C, 3t^H^3 b ^ATJ 

«sk y yh ^ajni!S3 8 (omttm^im^2 

•rsi^ t^, ma~>y?4 x-m±-rz>ffiBi>'yh m&y 
4—Yy*y —y %mrz> wtms. 
[0091] y* -Yy*7-Y®m&mm-?>=.kiz 
iot, 7 ^ -y *y 9 ^mmmi-^ t^mtmp-r 

40 —y y*v —y m$\zs: -zxwm&yj —y ? mm 

[ 0 0 9 2 ] H2 8 ic^LfciBSKy 7h ^ffllBJSSSrffl 

v ^tz.y ■< —y y * v — k mwt , m2 9 i^-t&sk y 

5,rt{4, SIC $ij««^wrsi±Sr^-rSo 0 
2 8 \z.7jil,tzffi&Yl) yh ^ffilHlSStrfflV^c^w -K7 

*!7 — k mm*?. E12 9 ic^i-asftK y y v ^ajieiss^ 
so mmt mmi-z z. t &simx3bz> . 



31 

1 0 0 9 3 ] fgtiGfOffl&X 5 . 03 0 14, r <DWft<D— 

0T-£>£«, 017t <Dfli»4, 01 7 I;i*>lt5#^gl3§ 
3a, 3b %:^mWmMmLm.it^^A 2a, 42b 

[ 0094]lll T*^L7ti9 IC, ¥##«#®4X 
M3fc^Hi5i4;gui&fc>7 t -h SrsH^-r-^a/nftk:, iOS 

tfmmm^*z< -rtifcw&iat. ^fl^nxM^ 
n§S4 2 b *»& *is 3t5ts^/j^ < , 

2 8 I^LfcS^K \)7V KaiUB5rfflV*7^ — K 7 
*!7— K*WIK\ 02 9 jC^UfcfcRKy 7h tftUSlK 

*rflft\ 7^ -K7*!7-K saw* WB-rsr t ass* 

[ 00 95 ] HJSW^Jil 6 . 13 1 tt, I 

«, 03 1 IH^T, 2 6 liST^S»3tm#Sr?S 
1R*Z>%M> 3 a I4|gl <£>3fc^f§3§, 2 9 I43fcl#ll3§, 

3 b I4jg2 OJtSESSSSI, 2 tt3fcSWfeg§. 2 7 MSfc^/i^ 

* , 8 ttft&msi. 9 2 «4^ ti y ir m&gm, 1 

2 liflHStfctfciS, 9 ttfifcfB^^^lsiaS, 2 8 a i±r 

©aaPKs^jaaHiiso— weas>a-jisi-©R 

F ( R a d i o Frequency) tgifsSi, 2 8b 
M£. fS>3§0J©Sg2 ©SBW^^dOIIlS©— OTC&5JIS2 
ORFii4B3§-C*>5 0 9 9 lir ©JSWOSyPEK®— 09 
Tfc3flM«»H»S-efca. {£fBf&B&PlElSS9 9 14, Mte 

5t^ttj^8 tU73^ *vb wsaB*k , %ss 5 a>ib a 

*S itS^SSft^ny A#LT, ttSMt-i* 

n y * fl»fc oflrfiai-grTa J: 5 »c, mflSte 
*B v-7 * 4 Ofinfi^MaSr f&Jfp-rS . * a y 9 S^ESS 
9 2 14, #J;tl4\ !J 5 vtmSSBS 3a, 93b, /0< 
K 7^/^9 4 \ZX o *u3 „ WW-/? 9 ffl 

^H1S§9 14, ti*S§52 1 KJ:oT*Wt£ix8. tfNHte 

S§1 2 14, 5 7 , ti4g^l 8 , {g«ES®7^ /V9 

1 9 (CioT^fi)c$tl5o f*WSf&H8?Ie]8§9 9 14, 9^v 
^f¥40»9 2 t&m^SSl 2 i&tev^fSHJpBaS 
9 l£«fco-C*ft&*ix£„ 

[ 00 96 ] 3t®2 6 k LTI4, ^fla- — V?4*— 
K , 77-r^-f, Bfta^—iFftif&flJv 
*5. 3t^fH§§3a, 3 b tUTH, !)f7At^^ 
-YMLiNb03: Lithium Niobat 
e ) -^ysvyaLlsffl Mach— Zehnder) S3t 
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ffl->7^4l4, «»flr*lca:oTfiaB->7K*4rlM»-C 

2 9i:LTIi, *±H£K— 70,7b7r ^^*:fflv^7 

70 [ 009 7 ] 3t252 6 *>t> m73$ ix^:?tft-§«, pt^fi 
^3 a T-5gSt§5 1±J73$ tU> 

S2 9 T-^!7— l^</USr*i*iSiv5. 3ti»IB8g2 9 A»P> 

^S^P^tl^o :ott, *^ISS3a II, 3fc^§§ 

3 b fCA7^$ix53t^^v^«-§-i: IrIJHL TSEgBSSfts-T* 
i5 &*i»Jffl«El8S9 9 S:^-U-C&*i->7^4 tci») 

tv5 fcfe, 3t^ii§£3 b *»e> ffl73$ tu5 3t^Vi^ 
H, 3fc^HS^3 b {CA73$ ttS^VV-^J;?) t^/V-^ifs 

20 ^s®< /£-s„ r. <DWi^xmm±. mm<omms t mm 

X'hZ . if n ;/ ^ ^^lH]gS9 2 »4, 3tMaaS8 *»P> irJ7J 
S JxfcaSCfS-g-S: A73U TS4^ n y ^ tti7J-r 
S. fiPfBlt^l 2ft,>By# S^I3i^9 2 ffi73 
$ W£f ^S^5 fflTJj* ixs «A 

s?j^ o y if m*tt v , nit? vvif m^(otm 

123 2 , 03 3 , M3 4 ^^VTtft^-r-S. 
[ 0 0 9 8 J 03 2 l±, itL^>y^<omSiy-yb Ma^M: 
30 jgfflit) fc**V^*«>»f«r*bTVV5. 5t^aii§8 
<E>aj7Jfl-{§-f±03 2 K>( a ) Offl -CfcS. ^ny^ff 
£[H]iJ&9 2 14, 5t^ffi§g8 ©tl^«t 9 a -> ^ 

Sr03 2<D{b) (D£? ictta-T*. ^nj/^S^lHlK 
^ffi73$il^S^ny^{t^-i:, !32©(c) 
^ixS^2 <D^Hft-i-^lHlSS( rtO^g-tat, RF 
KNiS2 8 b ) '-AT^^ tua u y ^ If -g-t ^5 

7 ICA73-Tii: , 5 =*1M 7 rofcU7^(t^-»4ia3 2 
<C>( d ) (Oifi?) t n <Oft-§-5r®tgog^7-< /W;? 1 

40 7 9 <D&m'>7 h Sll/J^ < tti> c IP*> ,032© 

c c ) iz^r-tmMM9oy9m^(o&.m-mm^<^&: 

[ 0 0 9 9 ] 03 3 J4, Gm^79totitit&/7V SA*& 

<OttJ7J(t-§-l403 3 £>( a ) (Oilt) 9oy9m 
£!®&9 2 14, 3t^ffiSg8 OWfJ: «9 ff^i? a -> ^ 
5r03 3 0(b) ©«t5 littttl-fS. ^ny^H^lElSS 
frbmt)£m>H£fv-y9imf§rb. 03 3 05(c) Id 

fh^i^w,^ <r>%mm%'&$msh<< zcom&iaz. rf 

50 mm3s2 8 b ) ~A*£ ttS S^W^ n y if fe^k 
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*u-i 7 izAti-t^t . $ 7 (o&jjit^nms 3 

<£>( d) (Oii0 4:45o w <D\t -g-SriSKSia^-r /H? 1 
( c ) C/TrtW^oy ^fif^Wfta^ffi 

■g-tt. El3 4CO(a) tDiI9Tfc£ 0 ^ o y ^ W£lnJS& 
9 2 *fcttlS8 9 d ^ « -S§-£ H3 70 

4 0( b ) {cttfcb-T^o ^oy^»4@Bd«lll 

ZiZtiZft&Pvvirm^b . ET3 4 CD( c ) ic^tt 

2 8b) ft-g-fc 4-^ 

7 lZ?Jj-tZ>k* ^ *1H. 7 <Dtti^m^H)3 4 CO 

( d ) <oii9 1 fta 0 r (Dm^r&mm^y^ i 9 
, p > ^ ««^>ffi*Btt^kL /jc v \ 

[0101] ~<D£? \ZLX. teWis? h m$1£\Z-7£ 

^^§13 a, 3b cos»ft^o{iffl(i. flKc— jeicfiyt 
fcis. *5M6«2 d^SB2 co3t^PS3 b £T© 
e^lM^Wi: , 3fc#&S2 *1M 7 STS>e» 

. 3§SS5 36*65 7 STG>e*BBffl* 

1 7 -dssfefts<Dictt5j:5 «c % «sm.Tt3m»3 

a #HM-t-SfcttR&fcV\ t:-e, SI3 5 tC^-Tctp 50 
»C 7fc^PIS3 a t %3£m$*3 b «:K»-J-S ZHA-g-o 

ffl*(caSft*7-fei/ h ®ffVSr^5*n^Sl 0 O S: 

fc Jt V \ 2 ^#«lW#^fcHJBL T»fW5 ft: 

ft, ^</^mtj»^2 7 t>^\tm/</^^tatj^in 

^fc^o 40 

[0102] *WHtt. **0»«5 -eRWLfcJ;5 4 
S3 a , 3b^ffl*^ctttf^4^Wj&6S*>6. 

or. m&mmi 6 -eat, jgi s>fflH*#£j*EB6, 
*\ aai««4*iHWtuTtt, msBsaxm. im& 

ft:, ;fcif*IS2 9 j6qHELfc< Tt> , }tZliS3 at* 

^dss3 b loraic. *5es»ici5*m#(oeii!(BiH 
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\t\ *ft:^ 38fi»5A5-h»^!7— ©fcSttftl^Dy^ 
«-g*3B^6»^tt. *l ©8H>l««&«IsH». ^2 

toxwm-g-^itisiBittTfflTfcao *ft:, 133 6 t^^-r 

l^i^r^t, *3BW05BffiSrJ»*fftv\ 113 6*^ 

i^ijsfitt, ffi«->7^4) 

L fc»bSr ttlBL T«W«**-*at"a h OTttft V ^ft: 

3 0 r co<t5 47>f — K7*7- KEKtt . ^P^tog 
ix6 r Sr*W«W:SaW^J: 0 StlEL T 
^fti, S3 7 XI4H3 8 3l£$M88i 
2 li, 3t^B88i3 b ©A*flfeiift< . ffl^iffJJIcfeoT 

t>±>\ *fc, ^m<omms Tttwufcai 7 ^jsv^ 
t . 3t»»«2 *«h«3 b oA*«rciift< . m 

AffltilfcoTt><tV\ 

[0103] HJfecO^l 7 . ^3 9 j*, r co^PJO— 
?gffiTfoa ^^/^ ^^SSr^i-«^n ^/ ^ it* 

TUm-T^wt 36ST#«o D#-f/7!ly/7oy^ 

— * m^-A^iS^9 8 A^?$ tt/cT 5 -^ f±, ^ d y 
^«^|pl»!UT36aEH8l3b dffl*$tt5. HP^ * 
^ISS3 b *cA**ix5-*f»»fc'^HB»B3 b -£r!SH- 

* ^nm-^t wmz 3»t# 5 o ^(omom^ 
mm^ i3it 1^3 9 \z£?tm&&. r 

Z(Return to Zero) 7^- h cr>{§ 

fWRZ ( Non Return to Zero) 

■ ryb <?5fB-9-TXW-t-5»^Sr*UTV^o * 
*5. *SWW3 a i 5UOIS3 b SriEKrr* ^P«^> 

me^f^> H3 5 izTFistix? (c, {itsv-^^^ie] 

0 0 ^#iD-T5 rtlUo TlBte# -5 o pg#cO&*B&i 

««t. 3tii*iS2 9 ^toflhoeasM'iaai^j: 5 

•r^rt(c<t0-^«ft:Jx5 o *»S^ffiT(^ 
^§3a J^oT^SniJfc/^v^SrT*— ^ffi-^-A^i 
#r^9 8 frh At)£ Irish "f—$ mt=r\z£ otSt5 ft: 

^ fttiSl^ iBa£®^li^/ce 
iTSrfflV^r t 2S-C#a 0 **5. H3 5 —H3 8 fc^L 
fcflldtd, B3 9 (C^Lft:mS'JS9 7 

[0104] 8 . H4 0 w CO^^CO— 

5 B i4o (c^vnt. 2 6 ^Bff^ss^>3tm^^s-r 

53taU 3 a HtflSl CO^ISS. 2 4 ti^a^S. 2 9 

(^ti*is. 3 b t*m2 <Ditmm. 2 ajtiMfts, 2 
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7 H.%r</vx m^m^. 5 8 »43tettia» N 9 

2 oy!> 1 2 tetitfBJttSSg, 3 4 »43fcj§ 

SESMfflElB* 2 8 fir <D5£WV>mi <Dm®iS%-3L&® 
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